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ABSTRACT 



An improved process for making continuous sucker rod specifies uniform 
hardness along and among the input coils which reduces the number of ste * required to 
manufacture the rod, thereby advantageously reducing capital and production costs. 
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TITLE OF THE INVENTION 

Method For Manufacturing Continuous Sucker Rod 

NAMES OF THE INVENTORS 

David Labonte 
Ricky Gereluk 

FIELD OF THE INVENTION 

This invention relates to a simplified method of apparatus for manufacturing 
continuous sucker rods. 



i o BACKGROUND OF THE INVENTION 



In oil and gas wells, a "drive string" connects the pump, located down hole, 
to the drive system, located at the surface. Conventional sucker rods are elongated steel 
rods, 20 feet to 30 feet in length. Traditional drive string typically consisted of a sequence 



of conventional sucker rods with connecting mechanisms at each end of each 
15 sucker rod which permit end-to-end interconnection of adjacent rods. 



conventional 



In contrast, 



continuous sucker rod is a unitary rod, consisting of one elongated continuous piece of 
steel. Thus, continuous sucker rod does not have the numerous interconnection points 
found in the interconnected conventional sucker rods. Each interconnection point between 
two successive conventional sucker rods is a source of potential weakness and excess wear 
20 on the adjacent tubing and casing. However, increased costs can be associated with 
continuous sucker rod. 
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little as 500 



and desired 



The length of a drive string can vary from anywhere from as 
feet to as much as 10,000 feet or more, depending on the depth of the well 
location of the pump down hole. Continuous sucker rod is typically produced and stored 
for sale on large transport reels. These transport reels have a diameter of about 19-19.5 feet 
(limited by transport issues). A full reel can carry continuous sucker rod wi h lengths of 
over 6,000 feet depending on the diameter of the rod 

The properties of the steel used for any drive string sucker od, whether 
continuous or conventional sucker rod depend upon the conditions of the well ind the drive 
system and pumping system used to produce the well. Sucker rod is generally classified 
into grades which are suitable over a range of load conditions and/or eivironmental 



conditions, such as H 2 S content of the well. The design of continuous sucker 



rod must be 



such that the continuous sucker rod can be wound tightly enough to fit snugly on the 
transport reel and then be able to be straightened into a drive string at the well, without 



sacrificing the desired properties for the load and environmental conditions of 



the intended 



use. Winding the continuous sucker rod onto transport reels sometimes causes permanent 
deformation as the rod is wrapped onto the transport reel and then straightened in the field 



for use. 



Palynchuk, Canadian Patent No. 942,585 discloses one of 



the original 



methods of manufacturing continuous sucker rod. In Palynchuk, continuous si cker rod was 
made by taking a series of input coils, joining the ends of the coils together, and subjecting 
the joined coils to a series of treatment steps. The coils were also hot worked from a round 
cross-section to oval cross-section along the entire length of the continuous sucker rod. 



The oval cross-section permitted the continuous sucker rod to be wrapped on 



the transport 
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reel in the direction of its minor diameter which reduced the extent of permanent plastic 
deformation in the continuous sucker rod. Oval cross-sectional continuous sucker rod is 
generally used with reciprocating pump applications. 

Heavy oil wells are most often produced with progressive cavity pumps 
("PC Pumps"). PC Pumps are driven by a rotary drive and consequently, the drive string 
used in these applications also rotates. Oval cross-section sucker rod is nol suitable for 
rotating drive string applications due to the eccentric loads encountered during rotation and 
greater wear caused along the tubing. Also, the effects of plastic deformation <in sucker rod 



performance are less of a concern with rotating drive strings because the loads 



are torsional 



and the rotating drive strings are not subjected to the cyclical high compression/tension 
loads experienced in the reciprocating pump applications. Therefore, expensive oval cross- 
section continuous sucker rod, such as that disclosed by Palynchuk, is not generally used 
for rotary drive applications. Round cross-sectional sucker rod and continuous sucker rod, 



is more suitable. 



Steel used to make continuous sucker rod is received from the 



steel mill in 



raw coils. The steel is manufactured by the steel mill to meet specifications as directed by 
the sucker rod manufacturer. Steel manufactured to ASTM standard A576 and 
supplementary requirements S7, S8, Sll, S12 and SI 8 is known to produce si itable sucker 
rod for most oil and gas applications. To meet these requirements, the input coils are 
specially alloyed using known techniques to produce a grade of steel lath suitable 
hardenability, strength, toughness, corrosion resistance, fatigue resistance, micro- 
cleanliness, and weldability. 
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However, the hardness and corresponding tensile strength of the steel coils 
received from the mill in raw form is inconsistent, highly variable along individual coils 



and from coil to coil, and relatively low. Since tensile strength is one of the 



most critical 



requirements for all sucker rod, it is necessary for the entire length of the stasl coils to be 
subject to treatment during the manufacture of the continuous sucker rod to ensure that the 
critical tensile strength requirements are met and are uniform along the length of the 
continuous sucker rod. Input coils received from the steel mills in prior art 



generally of very low hardness due to the chemistry and manufacturing processes used in 



the steel mill. 



practices are 



Usually, a number of the raw coils must be fused together end-to-end to 
form one continuous sucker rod of the desired length. The ends are usually fused together 



by welding which creates heat-affected zones adjacent to the welded area w] 



lich must be 



treated to relieve stresses and yielding caused by the welding process. Without such 



treatment, the heat-affected zones would be a source of potential weakness 
cause failure of the continuous sucker rod in use. 



Prior art methods treat the entire length of the rod with 



which could 



a series of 



austenizing, quenching, and tempering treatment steps which produce a fin* 1 continuous 
rod which is of consistent hardness and strength and which also alleviate he problems 
induced by the welding in the heat-affected zone. The rod must be straighter ed and many 



of these steps are to be applied along the entire length of the rod. Usually, 
successive production lines are required to subject the continuous sucker roc 
necessary steps, with the rod being uncoiled, straightened, treated as it passes 



two or three 



to all of the 



through each 
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line, coiled, transferred to the beginning of the next line, uncoiled and straigh 
through the next line, and so on. 



These prior art methods of manufacturing continuous sucker rod therefore 



ened to pass 



require extensive heavy, permanent equipment and a large fixed facility to 



practice the 



method within. Steps such as ambient cooling necessitate a long open space within the 
manufacturing facility to permit the length of rod to be exposed for the requisite period of 
time and some present facilities in which the prior art methods are practiced c in be as long 
as 300 feet or more. As a result, these prior art methods involve significant capital 



investment. 



Recent methods have sought to reduce this capital investment 
foot rods transported directly to the well site and fusing them together with 
plant at the well site itself (see Widney et al, CA P 2,317,291). Such 
disadvantageous in that they are highly labour intensive at remote locations. 



by using 40 
a "portable" 



methods are 



What is needed then is a method of manufacturing continuous sucker rod 
which reduces the number of treatment steps required to be performed without sacrificing 
essential properties required to make the rod suitable for load and environmen al conditions 
as specified. It would also be preferable to have a method which permits reduced capital 
investment into equipment and facilities, thereby reducing costs. 



SUMMARY 

The present invention satisfies the aforementioned needs of continuous 
sucker rod manufacturers as well as other needs. 



• 1 
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A method of manufacturing a continuous sucker rod coil is provided which 



comprises the steps of: 



to form one 



and a heat- 



(a) selecting a plurality of input coils, each input coil having the same 
uniform hardness, and each input coil having two free ends; 

(b) fusing adjacent free ends of adjacent input coils together 
continuous length of rod, said fusing creating fused areas 
affected zone at each fused area; 

(d) treating each of said heat-affected zones to alleviate 
induced during fusing; 

(e) winding said output coils into a finished coil. 



The method can alternatively be comprised of the steps of: 

(a) selecting one or more input coils each with the same consistent hardness, 
each input coil having two free ends; 

(b) inspecting said input coil for flaws; 

(c) marking said flaws; 

(d) removing said flaws creating further free ends in said input coil; 

(e) fusing adjacent free ends together to form one continuous length of rod, 



irregularities 



each of said fusing creating a fused area and a heat-affected 
fused area; 

(f) treating each of said heat-affected zones to alleviate 
induced during fusing; 

i 

(g) winding said output coils into a finished coil. 



zone at each 



irregularities 
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This method eliminates heavy equipment and reduces spac^ and time 
requirements thereby reducing capital costs and providing a transferable facilitj 

BRIEF DESCRIPTIO N OF THE DRAWINGS 

Figure 1 is a schematic of a method for manufacturing continuous sucker rod 
known in the prior art; 

Figure 2 is a schematic of the method of manufacturing in accordance within 
the present invention; and 

Figure 3 is a schematic of an alternative embodiment ofi method of 
manufacturing in accordance with the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



The prior art method shown in Figure 1 is an illustration 



of the steps 



involved in a prior art method where the steel from the steel mill is selected without 
specifying a requirement of a uniform tensile strength along and among the input coils to be 
used to produce the continuous sucker rod. Referring now to Figure 1, there are three lines 
in this method - Line 1 (50), Line 2 (60) and Line 3 (90). 

On Line 1, the steel coil from the steel mill (not shown) is uncoiled by an 



uncoiler (52), then straightened by a straightener (54) and then passed through 



a first flash- 



butt welding section (56). Welding in the first flash-butt welding section (56) is applied 
only to the ends of the steel mill coils to fuse one end of one coil to the end of the next coil 
to form one continuous elongated piece of steel. After passing through the flash-butt 
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section, the steel is transferred to a large working reel (58) to be held until production on 
Line 2 is initiated. 

* 

On Line 2 (60), the steel is rolled off of the working reel (58), and first 
passes through a water descaling section (62), then through a heat treatment section (64). 
The heat treatment section (64) includes an inductor (66) for austenizing the rod, rolling 
mills (68) for rolling to reduce the cross-section of the rod if necessary, a quenching section 
(70), a second inductor (72) for heating, and an ambient cooling section (73) and cooling 
tank (74) for cooling. The purpose of the steps in the heat treatment sectioh (64), apart 
from the rolling mills (68), is to cause the steel to undergo the structural transformations at 



the atomic level that create the critical uniform hardness and resulting ten 



required for the specified load and environmental conditions in the field. As can be seen in 
the Figure 1, the heat treatment section (64) itself includes a number of pieces of heavy 
equipment and requires a significant amount of space. After passing through the heat 



treatment section (64), the steel continues on Line 2 through a shot-peening 



sile strength 



section (76) 



and an eddy current section (78) for flaw detection and then is transferred to a finished 
goods reel (80). 

On Line 3 (90), a number of finishing steps are performed, including 
removal of flaws that have been identified on Line 2. Line 3 (90) includes a flash-butt 



welder (92), mini-heat treating station (94) and a corrosion coating section 
completion in Line 3, the continuous sucker rod is transferred to a transport 
transport as directed by the customer. 



(96). After 
reel (98) for 



Referring now to Figure 2, the preferred embodiment of the manufacturing 



method in this invention is described below. 
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The method begins with the selection of the material for the input coils (10) 
which is a critical step. The input coils (10) are received from the steel mill 



in hot rolled 



condition of desired diameter and specified cross-section, such as round cross- section. The 
input coil (10) is of a composition known to be suitable for sucker rod. pieferably, the 
input coils (10) are hot rolled steel manufactured as Special Bar Quality as specified in 
ASTM A576 and supplementary requirements within ASTM A576 - S7, S8, SI 1, S12 and 
S18 to meet known requirements for steel that will perform well as sucker rod, but other 
standards and specifications known to produce suitable sucker rod could also be used. 
However, in this invention the selection of the raw material for the input coils {10) includes 
an additional requirement - the as-rolled hardenability characteristic of the injlut coils (10) 
must be uniform longitudinally and cross-sectionally along and among the input coils to be 
joined together and be at a specified limit within a specified range to ensure uniform 
minimum tensile strength. This differs from the prior art where uniform hardness and 
corresponding tensile strength within a specified range or limits for the input loils (10) are 



not specified. 



Conveniently, the input coils (10) can be selected to correspond to a number 



of grades as per current industry practice to provide reasonable product variation. The 
number of grades and corresponding ranges are matters of choice depending on 



convenience of providing multiple grades (a production and inventory issue), 



The choice 



of grade will depend on the particular application the drive string is to be used for. 

The minimum tensile strength required for any given applications will be 
governed by the maximum load conditions expected to be encountered in usl. Since it is 
well-known that exposure to H2S causes failure of steel sucker rod when hardness exceeds 
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a certain limit, potential exposure to H 2 S provides a maximum upper limit on the permitted 
hardness, and therefore the maximum tensile strength of the sucker rod, if the 
to be used in H 2 S service. Costs, which typically increase with higher strength 



sucker rod is 



a consideration. 



rod, are also 



The hardness and tensile strength specified for the input coils can be 
achieved by the addition of known alloying elements, such as Boron, Chromium, and the 
like, in accordance with known techniques. The choice of the alloying elements and the 
methods to be used will be dictated by the individual steel mill facility and its process 
which are the source of the input coils. Previously, the steel mills producing iAput coils for 



prior art methods did not need to include these considerations in the productioi 



of the input 



coils because consistent hardness and corresponding tensile strength of the input coils were 
not specified as requirements. Of course, the alloys chosen and techniques uised must not 
unduly affect other desired properties for suitable sucker rod as specified. 

Once input coils are selected in accordance with the requirements, the 
remainder of the method of the preferred invention is enabled. 

Referring again to Figure 2, an input coil (10), selected and received from 
the steel mill in accordance with the above requirements, is set into the staging area of the 
processing facility for a pre-processing inspection. The input coil (10) is visually inspected 
for surface flaws and bends. If these flaws are found to be outside of specifications, they are 
to be marked for subsequent cut-out or re-work. If the density of the flaws is severe, the 



input coil (10) may be scrapped prior to processing. 

The input coil (10) is placed on the mandrel of an uncoiler (12) 



and the steel 



shipping bands (not shown) are removed. The uncoiler (12) supports the input coil (10) 
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during the uncoiling operation and facilitates the orderly uncoiling of the raw material 
without tangling and kinking. The uncoiler (12) is used to uncoil the input coil (10) in a 
known manner. 

After uncoiling, the rod passes through a two axis, multi-roll roc straightener 
(16) which performs a cold straightening operation. Preferably, the coiled steel material is 
straightened dynamically in the vertical and horizontal axis such that even relatively high 
yield strength material is successfully straightened to an industry standard, sucJ as API 1 IB 
for example, (which is, for a gauge length of 12 inches, the maximum allowable bend is 
0.065" or 0.130" total indicated runout (TIR)). The straightener (16) acts to straighten and 
propel the rod forward in a known manner, yielding the rod in the opposite direction to the 
bend of the steel in it's coiled as received form in the input coil (10). Proper straightening 
of the rod during manufacture prevents the rod assuming a "wavy" form after being wound 
onto the transport reel and then off the transport reels to form a drive string in the field. 
Although wavy rod will perform under some conditions, straight rod is generally required 
by customers and is a more desirable and marketable product. 

Upon leaving the straightener (16), the rod is passed through 
welding section (20). The flash-butt welding section (20) includes an automatic flash-butt 
welding machine (21). Each input coil (10) will have a free end at the beginning and at the 



end of the coil. Additional free ends within the input coil (10) will be created 



a flash-butt 



when a flaw 



marked for cut-out is cut out (discussed below). The cut-out is performed using a shear or 
cutting torch (not shown). The flash-butt welding machine (21) is used to fuse adjacent 
free ends of the input coil ends (14) together to form one continuous rod, whetler those free 
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ends are adjacent ends from either side of a flaw cut-out or from adjacent free ends of one 
input coil to the next input coil in the series. 

Flash-butt welding fuses the free ends together in the following manner. 
Adjacent free ends are clamped in an axially opposing manner by two electrodes of 



opposite electrical polarity. One electrode is fixed while the other moves 



in the axial 



direction. When the electrodes are energized, the rod becomes the electrical conductor of a 
high current. The electrical current flowing through the rod is converted to heat due to the 
electrical resistance of the rod. The rod ends heat to the melting temperature of steel for a 
brief period before they are rapidly forced together under the action of the moveable 
electrode. The fusing process of the welding creates a fused area and a heat-anected zone. 



The heat-affected zone typically extends throughout the fused area and 1 to 



2 inches on 



either side of the fused (welded) area. The welded rod is held in the upset position briefly 



while the heat-affected zone of the fused area cools. Upon cooling, the e 
undamped and the heat-affected zone is ground and polished to meet rod body 



specifications. 



After cooling, the heat-affected zone adjacent each weld must 



ectrodes are 



dimensional 



be treated to 



alleviate imperfections induced by the flash-butt welding. This treatment occurs in the 
flash-butt welding section (20). The heat-affected zone is reclamped in the electrodes of 
the flash-butt welding machine (21) and tempered for stress relieving in a known manner. 
As an example, the heat-affected zone may be heated to 560°C, a temperature well below 
Acl (the temperature at which austenite begins to form during heating) held for a stress 
relieving time of approximately 30 seconds, after which the heat-affected areJ is air-cooled 
in ambient conditions. Stress relieving ensures the weld area is made free of residual 
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stresses induced during the weld process. After the stress relieving process is i»mplete, all 
welds are inspected for cracking and incomplete fusion using a standard magnetic particle 



examination procedure. 



After the flash-butt welding of the free ends is complete, the 
transferred out of the flash-butt welding section (20). 



fused rod is 



Though not necessary in all applications, the rod exiting the flash-butt 
welding section (20) is preferably immediately fed through a multi-wheel ihot-peening 
apparatus (22). The shot-peening apparatus (22) removes the iron oxide cov Jing the steel 
and mechanically peens the outside surface of the rod. Sucker rods commonly fail under a 
fatigue mode of failure due to the propagation of tiny surface defects notably cracks. Since 
cracks will only propagate under tensile stress, the crack tips will not open fii ther if a net 
compressive stress remains on the crack tip as induced by shot-peening and iherefore the 



continuous sucker rod life is extended and improved fatigue resistance due to 



the induced 



compressive stress on the rod surface is achieved. As well, mill scale covering on the raw 
steel may offer a preferential site for the start of crevice corrosion if not removed. Crevice 



corrosion is a localized form of corrosion associated with small volumes 
solution, in this case, pockets created by the loosely attached mill scale. Shot- 



of stagnant 
peening also 



effectively removes the mill scale and ensures a clean surface, free of areas susceptible to 
preferential corrosion. However, it is to be understood that other methods of cleaning the 
mill scale and/or placing the surface of the rod into compression may be used and that the 
enhanced crack resistant product resulting from shot-peening, although is an improved 
product, is optional. 
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After exiting the shot-peening operation, the rod is then, optionally, surface 
inspected using an on-line eddy current flaw detector (23). If sufficiently significant, the 
flaws are marked with flaw marking equipment (24) for cut-out. Alternative kiown means 
of flaw detection are also available. However, eddy current inspection is preferred due to 
its repeatable results and relative ease of application to continuous inspection. 

As each flaw is marked and identified, the rod is stopped and backed up to 
the flash-butt welding section (20). A shearing or cutting torch located in the flash-butt 
welding section (20) is used to cut out the flaws, creating two new free ends which must be 



fused together using the flash-butt welding machine (22) in the same manner 



ends of the coils were fused. The new weld will then pass through the shot-peening 



apparatus (22) and the eddy-current flaw detector (23) to be re-inspected. 

It will be apparent that the rod will run continuously through 



that the free 



the uncoiler 



(12) and the straightener (16) and will not be stopped as it passes through tie flash-butt 
welding section (20) the first time unless a free end of the input coil (10) is ^countered. 
The free end of one input coil (10) will be fused to the adjacent free end of the next input 



coil (10) in series which will have passed through the uncoiler (12) and the 



straightener 



(16) in the same manner as the input coil before it. Rod passing freely through the flash- 
butt welding section (20) will continue to pass continuously through the shot-peening 
apparatus (22) and the eddy current flaw detector (23). If, however, a flaw is marked for 
cut-out during the flaw detection by the eddy current flaw detector then, the process must 



be stopped, and the rod backed up to place the flaw at the beginning of the flash-butt 
welding section (20) where the flaw is removed as described above, creating two further 
adjacent free ends which must then be welded by the flash-butt welding machine (20) 



* 
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creating heat-affected zones which are treated as described above. After that, the rod 
begins to run continuously again so that the fused area and heat-affected zone (where the 
weld was) pass through the shot-peening apparatus (22) and are themselves iLpected for 
Haws with the eddy current flaw detector (23). Backup to the flash-butt welling section 
5 (20) can be repeated if further flaws, in the fused area and heat-affected zone or elsewhere 
along the rod, are detected. Otherwise, the rod will pass to the next section. 

The steps of inspecting and marking for flaws and then backing up the rod 



for removal of those flaws, although preferable, are optional. 

The rod is accurately measured linearly upon exit of the process 



by means of 



io wheel mounted digital encoder (25) running on the moving rod, or other suilable device. 
Accurate length measurements ensure individual rod strings are to customer's requirements 



and bulk reels of rod comply with road transportation weight limits. 

After measurement, the rod is driven through a bath of 



atmospheric 



corrosion inhibitor (26), which prevents the rusting of the continuous sucker rod while 
15 stored in inventory. The inhibitor is pumped over the moving rod and the exce ss coating is 

wiped away prior to exiting the coating enclosure. The coated rod is then guided through a 

series of rollers which wind the rod onto transport reel (28) into a finished coil (30) for 

storage in inventory and safe shipment to the field well site. 

The finished coil (30) has a specified limit or range of yield strength. The 
20 finished coil (30) is suitable for use as drive string for rotary pump applicatio is where the 

specified yield strength is sufficient to meet the maximum load conditions expected to be 

experienced in use. The finished coil (30) may also be suitable for use in reciprocating 

pump applications where fatigue resistance is of minimal concern. 



t 
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In an alternative embodiment, it may be possible to avoid backing up the rod 
to before the flash-butt welding section (20) after flaw identification at the iridy current 
flaw detector (23) occurs by placing an additional flash-butt welding section immediately 
after the eddy current flaw detector (23). In this case, free ends of adjacent input coils 
would be joined at the flash-butt welding section (20) while cutting out the flaws and fusing 
the further free ends that are formed by the cutting out process would occur in the second 
flash-butt welding section. In this embodiment, the fused areas formed in the second flash- 
butt welding section would not be shot-peened or themselves inspected for flaws. 

In another alternative embodiment, it may be possible to place the shot- 
peening apparatus (22) and the eddy-current flaw detector (23) before tie flash-butt 
welding section (20). This is illustrated in Figure 3. However, if the welds a-e also to be 
shot-peened and inspected (preferable), the rod would have to be backed up prior to both 
operations in order for the heat-affected zone of the weld to be subjected to these treatment 



steps. 



It will be apparent from the previous description that the current invention 



provides a number of distinct advantages over previous methods of manufacturing 



continuous sucker rod. The method of the invention differs from previous 



methods for 



manufacturing continuous sucker rod where the input coil is received in raw form with 
variable strength and hardness and where the desired consistency in strength ind hardness 
is provided by the series of austenizing, quenching, and tempering steps applied to the 



entire rod (as demonstrated from Line 2 in Figure 1 of the prior art process). 



an input coil with the desired tensile strength and uniform hardness characteristics, 
complicated, expensive, and time-consuming steps need not be applied to the length of the 



By selecting 



CA 02390054 2002-06-28 





- 17- 



entire rod. Instead, a more limited tempering and cooling process is applied to the heat- 
affected zone of the welds for more limited purposes. Since the heat-affected 



zone is 



limited to 1 to 2 inches on either side of each weld, only a few feet in total must be treated, 
as opposed to the entire length of the continuous rod and the treatment steps 
affected zone are relatively simple and quick. As well, less labour per 



manufactured is required. 



for the heat- 
foot of rod 



Thus, the equipment required to practice this method is significantly less 
cumbersome and fixed than that needed for previous methods. Only one prodlction line is 
required. Only one flash-butt welding machine is required. Only one Lcoiler and 
straightener is used. There is no need for a long open air area for ambient cooling of 



significant lengths of rod, thus required length of the facility is greatly reduced. 



need for any of the heavy equipment used in the austenizing, quenching and tempering 



There is no 



steps. 



Consequently, the size and length of the facility can be 



significantly 



reduced. Furthermore, all of the equipment required to practice the metlnd could be 
encompassed in a set of trailers, allowing for transfer of the equipment to permit 
performance of the manufacturing method in different locations, including the 
desired. Thus, the simplified facility could be transferable instead of fixed in 



field itself if 



a permanent 

structure. Even if practiced within a permanent structure, the location of the facility could 
be transferred with a relatively low degree of difficulty. 

Thus, there is a significant reduction in the capital investment 



required for 



the equipment and facilities used to perform this manufacturing process. It is estimated that 
the capital costs could be as much as 90% lower than current costs. 
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Immaterial modifications may be made to the invention described here 
without departing from the essential characteristics of the invention. For example, it is not 
necessary to include ASTM standard A576 and any or all of its supplementary 
requirements S7, S8, Sll, S12 and SI 8, provided material suitable for use as sucker rod is 
chosen. As well, alternate methods of welding can be used. So too, alternate methods of 
placing the surface into compression and removing mill scale can be used in place of shot- 
peening and alternate flaw detection methods can be used in place of Lidy-current 



detection. As mentioned, it may not be necessary to straighten the rod during the process 
for some cases, but generally straightening results in a better performing, more marketable 
product Similarly, it may not be necessary to include the shot-peening and/or flaw 
detection and removal steps but both will enhance the quality of the final product. 
Although the rod contemplated in the preferred embodiment is of round cross-section, it 
will be understood that other cross-section could be specified for the input coil and would 
be received from the steel mill in the desired cross-section. 
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THE EMBO DIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVI LEGE IS CLAIMED ARE DEFINED AS FOllLOWS 

1 . A method of manufacturing a continuous sucker rod coil comprising the steps of: 

(a) selecting a plurality of input coils, each input coil having the same 



uniform hardness, and each input coil having two free ends; 
(b) fusing adjacent free ends of adjacent input coils together 
continuous length of rod, said fusing creating fused areas 
affected zone at each fused area; 



to form one 



and a heat- 



(d) treating each of said heat-affected zones to alleviate irregularities 
induced during fusing; 

(e) winding said output coils into a finished coil. 



2. The method described in claim 1 further comprising the step of removing mill 
scale from the surface of the rod. 

3. The method described in claim 1 further comprising the step of placing the 
surface of the rod into compression. 

4. The method described in claim 2 further comprising the step o( placing the 
surface of the rod into compression. 

5. The method described in claim 4 wherein the step of removing mill scale from 
the surface of the rod and the step of placing the surface of the rod into 
compression are accomplished by shot-peening. 



i 



1« . 



I 
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The method of claim 1 further comprising the step of shot-peening the surface 
of the continuous rod. 
The method described in claim 6 where said shot-peening occurs after said 



fusing step. 

The method described in claim 6 where said shot-peening occurs 
fusing step. 



before said 



The method described in Claim 1 further comprising the steps of inspecting for 
flaws and marking flaws for removal. 
The method described in claim 9 where said inspecting and marking steps occur 
after said fusing step. ' 

The method described in claim 9 where said inspecting and marking steps occur 
before said fusing step. 

The method of claim 10 further comprising the steps of: reversing said rod to 
place flaws marked for removal to the beginning of said fusing stej ; cutting out 
flaws creating further adjacent free ends; fusing said further adjacent free ends 
to create fused areas; and, inspecting said fused areas and marking said fused 



areas for flaws. 



The method of claim 6 further comprising the steps of: inspecting for flaws and 
marking said flaws for removal, said inspecting and marking steps occurring 
after said fusing step; reversing said rod to place flaws marked for removal to 
the beginning of said fusing step; removing said flaws creating fuijther adjacent 
free ends; fusing said further adjacent free ends to create fused areas; and then 
shot-peening and flaw inspecting said fused areas. 
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14. A method of manufacturing a continuous sucker rod coil comprising the steps 



of: 

(a) selecting one or more input coils each with the same consistent hardness, 
each input coil having two free ends; 

(b) inspecting said input coil for flaws; 

(c) marking said flaws; 

(d) removing said flaws creating further free ends in said input c ril; 

(e) fusing adjacent free ends together to form one continuous length of rod, 



each of said fusing creating a fused area and a heat-affected 
fused area; 



zone at each 



(f) treating each of said heat-affected zones to alleviate irregularities 
induced during fusing; 

(g) winding said output coils into a finished coil. 

15, The method as described in claim 14 wherein the step of inspecting the rod for 
flaws is a visual inspection of said input coil and includes marking of said flaws. 

16. The method as described in claim 14 wherein the step of inspecting the rod for 



flaws is by eddy-current flaw detection along the length of the rod 
marking of said flaws. 



and includes 



1 7. The method as described in claim 1 4 wherein the step of inspecting the rod for 
flaws is a visual inspection of said input coil and by eddy-current flaw detection 
along the length of the rod and includes marking of said flaws. 

1 8. The method as described in claim 14 further comprising the step of shot-peening 
the surface of the rod. 
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19. The method described in claim 1 or 14 further comprising the step of coating the 
surface of said input coil with a corrosion inhibitor. 

20. The method described in claim 1 further comprising the step of straightening 
said input coil. 

21. The method described in claim 14 further comprising the step of straightening 
said input coil. 



1 



1 
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